Thermal conduction is a heat transfer mechanism. It is present in our everyday lives. studying thermal conductivity helps us better understand the phenomenon of heat conduction. The goal of this paper is to measure the thermal conductivity of various materials and compare results with the values provided by the manufacturers. To achieve this we assembled a measuring instrument and performed measurements on heat insulating materials.
introduction
For engineering students it is important to link the theoretical knowledge of various phenomena and processes with practice, in order to provide better understanding of the subjects. Instructional equipment is able to illustrate processes that are a combination of both concrete and abstract concepts. Thermal phenomena, such as heat transfer, are abstract processes, so their illustration is very important for future engineers.
The spreading of heat is an energy transfer, which occurs because of a temperature difference. The phenomenon's fundamental processes are thermal conduction, thermal convection, and thermal radiation.
Thermal conduction takes place in solid objects and in fluids and gases in a stationary state. The spreading of heat in solid objects occurs by the vibration of atoms, by elastic elementary waves, and the diffusion of free electrons in the conductors also contribute to this phenomenon [1]. In fluids and gases the molecular displacement is significant, here the heat conduction is due to inordinate thermal movement. In this latter case it's the collisions that deliver the energy from the warmer side to the cooler side [2] .
Convection occurs in flowing media. The particles move relative to each other macroscopically and by this movement they carry their energy with them [1].
In the case of radiation there is no transmitting medium, the energy is spreading in the form of electromagnetic waves.
In this paper we present an item of equipment we created that provides a better understanding of the process of thermal conduction. The mathematical model of heat transfer has been determined by Fourier. according to this theory, in a homogeneous object the stationary heat flux is directed towards the decreasing temperatures, [1]. The mathematical phrasing of Fourier's law is stated in equation (1):
In a single dimension the heat flux is proportional to the spreading direction experienced per unit length, to the temperature change and to the area perpendicular to the direction of this cross-section:
Δx -distance between the cold and the warm sides, [m]. relationships (1) and (2) are true only for stationary systems. Therefore, in the course of the experiments one has to wait for the temperature on the hot and cold sides to stabilize at the given value. Thermal conductivity is a physical property of materials, its numerical value depends on the structure of the material and on the thermodynamic state of the material. Its measurement is complicated, and it is typically carried out in specialized laboratories. The thermal conductivity of some materials can be found in various manuals and it can also be found on the Internet. Fourier's law in this case of plain wall equation becomes as follows:
A-area of cross-section, [m 2 ]; (t 2 -t 1 ) -temperature difference between the plain wall's two sides, [°C]; δ -plain wall thickness [m]. Calculation of thermal conductivity:
The thermal conductivity is dependent the temperature. This dependence is most often modeled according to the following simplified correlation 
measurements and data processing 2.1. principle of measurement
For the determination of the thermal conductivity we designed the equipment to operate on a steady state absolute measurement method, based on the "Hot Plate" principle, which is shown in Figure 1 .
The idea behind the method is to create a temperature difference between the two sides of the specimen, which causes a heat flux from the warmer side towards the cooler side. at equilibrium, after constant heat flow has set in, the heat conductivity coefficient of the sample can be calculated from the heat flux, the thickness of the specimen and the temperature difference, according to relation (4).
structure of the measuring equipment
To determine the thermal conductivity of a plane wall there is a need for a controllable heat source to help set the different experimental conditions; a frame, on which the measuring instruments -in this case temperature sensorscan be placed; measuring systems for measuring and data recording. The plane wall needs to be attached to the frame and its thickness needs to be adjustable.
The experiment is designed to be performed during an educational session, which means that the measurement time should be less than 2 hours.
The basic principle of the construction of the measuring stand can be seen in Figure 2 .
The designed and built equipment is shown in The device was connected to the power supply. We turned on the main switch, inserted the UsB memory drive into the connector and started the measurement with the start button. From the start of the heating process the temperature values were measured on both sides of the plane wall, with two sensors on each side; (the warm and the cold side).
The first target temperature was 30°C. after reaching the target temperature the heating plate was set to hold this temperature for 30 minutes, while the sensors collected the data. The measurement data was stored in UsB memory.
Then the heating plate was heated up to the second target temperature, 40°C, and at this point data was again collected for 30 minutes while the heating plate maintained the set temperature.
The third target temperature was 50°C, therefore heating was performed again and the set temperature was kept constant for 30 minutes. The data during the measurement was also stored.
achieving and maintaining target temperatures for a desired time must happen without external intervention. as a device user, we only need to monitor the process and check for possible errors. Emergency stop can be performed if necessary.
processing the data
The equipment recorded a data point every 4 seconds, and saved it to a .csv file. The collected data is shown in Figure 4 . : average values of temperatures measured on the warm side illustrate the steady-state sections and the planned temperature rise. Temperature increase can also be seen on the cold side, which indicates heat conduction through the plain wall.
Measurements were made at 20 mm, 50 mm and 80 mm wall thicknesses. The measurements were repeated three times. We calculated the mean values of the thermal conductivity at the steady-state sections according to correlation (4) . The data is shown in table 1.
The variation of thermal conductivity is illustrated in Figure 5 .
The value of the thermal conductivity increased with the increase of temperature, as expected.
The thermal conductivity is a material property; it is independent of the wall thickness. For different wall thicknesses we received different thermal conductivity values with the equipment. The phenomenon can be explained by the insufficient insulation of the equipment, but the inhomoge- During measurement the equipment was completely covered with a thermal insulation sheet.
performing the measurement
The examined plane wall made of expanded polystyrene (expanded polystyrene insulation plate) was placed in the equipment. We adjusted the brackets to place the sensors as close to the plane wall as possible. after this we insulated the equipment.
neous structure of the specimen can also cause the deviation.
The thermal conductivity coefficient of expanded polystyrene reference values is determined at 20°C. Thermal conductivity coefficient value can be found between 0.035 and 0.050 [W/(m·K)] [4].
Using the regression line equation from the experimental data, we calculated the thermal conductivity value at 20°C for all three wall thicknesses, and based on this we defined correction factors.
(6)
We calculated the correction factor at the middle of the interval, λ 20, referencia = 0.043[W/(m·K)] :
(8)
Based on a similar calculation, we determined the correction factors for 50 mm and 80 mm wall thicknesses too; the results are summarized in table 2.
The data measured with the instrument we constructed can be approximated with the following equation for polystyrene:
Conclusions
Determining the thermal conductivity of a plane wall helps the understanding of the phenomenon of heat conduction.
Thermal conductivity values acquired with the measuring equipment differed from those given by the manufacturers. To make measurements more accurate it is recommended to create better thermal insulation for the equipment and include the heat loss of the equipment into the model. references 
